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/.  INTRODUCTION 


Two  surveys  were  conducted  in  San  Ciememte  Basin  by  the  R  V  Point  Snr  to  measure 
the  structure  of  ocean  currents  and  temperature.  T  he  first  cruise  took  place  during  17-21 
July  1989  and  the  second  during  2-b  September  1089.  The  ocean  currents  were  measured 
by  a  shipboard  Acoustic  Doppler  Current  Profiler  (ADCP)  and  the  temperature  was 
measured  by  expendable  BathvThermograph  (XBT).  Presented  in  this  report  arc  veloc¬ 
ity  and  temperature  data  collected  from  ADCP  and  XBT  during  these  two  cruises.  The 
XBT  was  used  only  doing  the  second  cruise.  In  this  report,  we  focus  nn  the  second 
cruise  in  which  the  ADCP  XBT  data  can  be  combined  in  some  detail. 

This  report  consists  of  six  sections.  Section  two  discusses  the  data  processing  and 
calibration.  Section  three  contains  ship  tracks  for  the  study  area  oil  San  Clemente  Is¬ 
land.  the  locations  where  XB  I  s  were  launched,  vertically  averaged  currents  for  different 
layers,  and  twenty  current  profiles.  Section  four  includes  sections  ol  onshore  and 
alongshore  currents,  as  well  as  sections  of  standard  deviation  of  onshore  and  alongshore 
current  components.  Section  five  consists  of  74  profiles  of  temperature  and  the  tem¬ 
perature  gradient  microstructure  on  the  8"C,  9°C  and  I0"C  isotherm.  I  he  final  section 
discusses  the  flow  pattern  in  San  Clemente  Basin  and  possible  causes  of  these  flow  pat¬ 
terns.  This  project  was  sponsored  by  the  Naval  Engineering  Systems  Command. 
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//.  FIELD  PROGRAM 


1) .  Observations  during  the  first  cruise  (SCBE  I) 

The  R/V  Point  Sur  departed  Moss  Landing  on  the  morning  (1600  I  I  t  nl  P  Inly  1089. 
The  course  followed  during  the  steam  to  the  study  area  is  shown  in  I  igmc  I  f  a  (22° 
52.8'  N  119°  09.2’  W).  h  (22"  06.3"  N  118"  54.2'  W).  c  (22"  25.2  \  IIS'  46.7'  W),  d 
(22°  48.8'  N  118"  21.8  \V ).]  T  he  track  was  designed  to  minimize  course  changes  while 
allowing  the  ship  to  remain  in  water  shallower  than  400  m  (the  depth  range  of  the 
ADCP).  This  allowed  for  current  observations  through  the  entire  wotci  column  during 
the  transit  down  the  coast.  Ship  speed  to  the  study  area  was  approximately  in  knots. 

The  ship  arrived  at  the  northwest  corner  of  the  study  area  on  18  .Inly  at  l‘>?o  I  I .  Ship 
speed  was  reduced  to  approximately  5  knots  to  increase  spatial  resolution  lor  the  MX'!*. 
The  course  followed  in  the  study  area  consisted  of  8  transects  and  a  reciprocal  course 
(f  igure  I). 

Following  completion  of  the  grid,  the  ship  increased  speed  to  10  knots  and  steamed 
back  to  Moss  I  anding.  The  ship  arrived  in  Moss  I  anding  at  2220  1  |  on  "I  lulv,  1989. 

2) .  Observations  during  the  second  cruise  (SCBE  II) 

During  the  second  cruise,  ship  s  speed  was  increased  to  approximately  9  knots  while  in 
the  study  area  thus  allowing  the  grid  to  be  completed  twice. 

The  ship  departed  Moss  |  anding  on  the  morning  of  2  September.  1989  at  POO  I  T. 
The  track  followed  to  the  study  area  was  the  same  as  the  first  cruise  on  I"  Ink  1989. 
XB  I  s  were  dropped  cvcrv  two  hours  starting  at  2000  I  T  on  the  wax  to  the  studs  area. 

The  ship  arrived  at  the  northwest  corner  of  the  study  area  on  7  Scptembei  at  2240  FT. 
T  he  course  followed  during  the  first  pass  over  the  study  area  consisted  nl  eii’ht  transects 


2 


(Figure  3).  The  transect*:  were  made  in  a  northwest  to  southeast  direction*,  hack  and 
forth.  The  eight  transects  were  finished  at  2330  I'T  on  September  4 

The  frequency  of  XBT  drops  was  increased  to  one  per  hour  in  the  stnd\  area.  The 
station  numbers  and  positions  of  XBTs  dropped  during  t lie  first  pass  of  the  grid  are 
showm  in  Figure  3. 

The  second  pass  over  the  study  area  consisted  of  eight  transects  oriented  perpendicular 
to  those  of  the  first  pass.  During  this  pass  the  ship  speed  was  reduced  to  knots  al¬ 
lowing  slightlv  better  spatial  resolution  of  AIXT  data  as  compared  to  tlw  first  pass.  The 
time  needed  to  complete  each  transect  was  increased  to  about  4  hours 

Position  and  station  number  of  XBT  deployment  during  the  second  pass  of  the  grid  are 
shown  in  Figure  5.  Transect  eight  of  the  second  grid  was  completed  at  Oh  io  1  I  on  6 
September  . 

Following  the  completion  of  two  passes,  the  ship  increased  speed  to  fo  knots  and 
steamed  for  Santa  Barbara,  arriving  at  about  2000  FT  on  September  6 
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111.  DA  TA  PROCESSING 


1).  Raw  data  processing 

The  ADCP  data  were  processed  hv  Paul  .lessen  of  the  NPS  Oceanography  Department. 
The  first  step  is  the  correction  of  navigation  data.  “Bad"  navigation  data  are  replaced 
with  values  linearly  interpolated  from  the  preceding  and  following  “good  data  from  the 
corrected  navigation  data,  the  ship  velocity  is  calculated.  The  second  step  m  processing 
the  data  is  the  initial  determination  of  the  depth  (bin  number)  to  which  the  data  of  each 
ensemble  remains  reliable.  If  the  percent  of  good  returns  drops  below  ■■ ,  all  deeper 
data  arc  dropped 

After  the  first  and  second  steps  a  reference  layer  five  bins  wide  (<S2-7S  m)  was  chosen. 
The  choice  of  a  reference  layer  depth  is  some  what  arbitrary,  but  appears  m  have  little 
afTcct  on  the  final  calculated  water  velocities.  Subtracting  the  ships  velocity  front  the 
average  velocity  within  the  chosen  reference  layer  yields  an  absolute  reference  later  ve¬ 
locity  for  each  ensemble.  The  scries  of  absolute  reference  velocity  was  filtered  with  a  low 
pass  Hanning  window  filter.  lhc  cutoff  frequency  of  this  filte-  is  in  the  range  of 
0.03-0.05  cycles  per  minute. 


2).  Rotation  (pitch,  roll  and  heading) 

The  ADCP  measured  currents  arc  relative  to  the  ADCP.  which  can  be  minuted  arbi¬ 
trarily  and  moved  relative  to  the  earth.  It  is  necessary  to  correct  the  data  Im  \D('P  at¬ 
titude  and  motion.  There  arc  two  kinds  of  motion  that  require  correction-  rotation 
(pitch,  roll  and  heading)  and  translation  (ship  velocity).  There  arc  mam  u  a\s  to  measure 
rotation  and  translation.  The  use  of  one  of  the  following  specific  methods  depend  on  a 
varicts  of  factors: 
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Rotation  (heading) 


!.  Gyrocompass 

2.  Flux-gate  compass 
Rotation  (pitch  and  roll) 

1.  vertical  gyro 

2.  pendulums 
Translation 

1.  Navigation  device  (I  ORAN'-C  system) 

2.  Bottom  tracking 

3.  Assume  a  layer  of  no  motion  (reference  layer) 

A  scheme  for  AIXT  calibration  which  may  take  advantage  of  bottom  tracking  by  the 
ADCP  if  water  depths  arc  not  too  large,  is  illustrated  as  follows  (  lo\<  e.l()N‘M  |  ct(u  ,v  ) 
represent  the  cast  and  north  velocity  components  as  measured  in  the  l\  a  i  coordinate 
frames  and  (u.v)  the  cast  and  north  components  in  the  true  (x.y)  coordinates  Velocity 
in  the  two  coordinate  systems  is  related  by 


cos  ex  stnai/;/' 


sin  acos  7i\  r 


(1) 


Thus  the  water  velocities  in  the  true  (x.y)  coordinate  frame  arc: 


uw—us  4  (1  -)  /?)(;/(/•/ »va  -  v:tsim ) 


(2) 


i’„.  =  ty  +  (I  *  7  I  \\fnsty) 


Where  (;/„.t„)  ic  the  water  \elocitv,  (//., r.)  is  the  sliip  velocity,  and  (u..v  )  is  the  Doppler 
velocity,  /?  is  the  scale  factor,  and  m  jc  the  heading  angle  between  true  north  and  tncas- 
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ured  north  direction.  The  water  velocity  (r/„,rM)  is  further  decomposed  into  offshore  (l  ) 
and  alongshore  (V)  components  by  using  a  similar  rotation  formula: 


cos  y  sin 
-  sin  ycos  yj 


where  y  is  313°.  This  coordinate  system  is  shown  in  figure  8. 


(3) 


3).  Other  Data  Collection 

In  addition  to  AIXT  and  XBI  data,  meteorological  and  surface  oceanographic  data 
were  collected  by  a  Serial  ASCII  Interface  Loop  (SAIL)  system.  This  svstem  monitors, 
averages,  and  stores:  ship  position,  speed  and  heading,  relative  wind  speed  and  direction, 
air  temperature,  dew  point  temperature,  sea  surface  salinity,  sea  surface  temperature, 
visible  and  infrared  solar  insolation,  and  sea  surface  skin  temperature.  These  data  were 
averaged  over  30  second  intervals  and  recorded  on  an  IIP9826  computer. 

AVIIRR  imagery  is  being  processed  by  the  Oceanography  Department  of  i lie  Naval 
Postgraduate  School. 
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IV.  CURRENT  STRUCTURE 

Two  (low  patterns  can  he  discerned  from  these  surveys,  a  strong  alongshore  poleward 
current  (centered  at  5-15  km  from  San  Clemente  Island)  and  two  small-scale  eddies 
(further  than  50  km  from  San  Clemente  Island).  In  figure  5.  ADO’  data  were  missing 
from  station  55  to  station  57.  In  figure  4.i.  a  lot  of  data  were  dropped  due  to  had  return 
signals  around  400  m  depth. 

I)  Horizontal  Current  Patterns 

Figure  4  shows  the  vertically  averaged  current  in  following  layers  12-28  m.  42-58  m, 
92-108  m.  142-158  m.  192-208  m,  242-258  m.  292-508  m.  542-558  m  and  "592-408  m. 
These  were  made  during  the  first  pass  over  San  Clemente  Basin  on  cruise  St  B!  II.  Re¬ 
sults  arc: 

(1)  The  poleward  flow  center  is  located  II  km  offshore.  Strongest  currents-  arc  in  the 
12-58  m  layers  with  flow  speeds  of  over  50  cm.'s  and  arc  located  offshore  |o  km  near 
52”  50'  N  118°  40'  W  from  the  surface  to  a  depth  of  400m. 

(2)  The  first  eddy  center  is  located  at  52”  50'  N  118”  59'  W  and  the  second  eddy  center 
is  located  at  52”  45'  N  118"  50  \V.  The  length-scale  of  these  two  eddies  is  approximately 
10  km. 

Figure  6  shows  the  vertically  averaged  current  in  the  following  layers:  P  "*8  m,  42-58 
m,  92-108  m.  142-158  m.  192-208  m,  242-258  m.  292-508  m.  542- CSS  m  and  VP-408  m. 

I  hesc  were  obtained  during  the  second  pass  over  San  Clemente  Basin  on  cruise  SCBF 

II. 

Figure  5  shows  the  cruise  track  during  the  2nd  pass.  Station  42  and  48  were  in  the  same 
location  hut  f>  hours  apart,  and  stations  57  and  64  arc  seven  limits  apart  \ssociated 
with  this  time  difference  is  a  change  in  the  direction  of  the  mean  How  at  these  stations. 


7 


The  circulation  measured  during  the  second  pass,  figure  6. a  to  6,i.  was  much  different 
from  the  circulation  measured  during  the  first  pass,  figure  4. a  to  figure  4  i.  especially  in 
the  poleward  flow  area.  Nevertheless,  the  current  flows  poleward  strongh  at  both  times. 


2)  Current  Profiles 

Twenty  current  (u.v)  profiles  were  plotted  (figure  8. a  -  8.t).  Fach  profile  eonsists  of  1' 
and  V  components  from  the  sea  surface  to  a  depth  of  400  m  over  the  San  Clemente 
Basin,  where  C  and  V  are  onshore  and  alongshore  velocity  respectneh 

The  location  of  these  data  was  shown  in  figure  7  where  stations  Ml.  M1  MO  were 

in  the  poleward  flow-  area,  stations  III.  1:2 . 1:6  represent  the  region  of  the  first  eddy 

area,  and  stations  1)1.  1)2 . 1)5  represent  the  second  eddy  area. 

(1)  Figure  8.h  shows  strong  alongshore  flow  at  station  M2  of  over  50  cm  s  at  the  surface 
with  the  velocity  decreasing  rapidly  at  about  70  m  depth.  Stations  VI 7.  M  l.  MN  M6, 
M8  (figure  8.c,  8.d.  8.c,  8,f,  7.h)  show  a  strong  alongshore  flow  pattern. 

(2)  Figure  8.k  and  8.1  at  the  center  of  the  first  eddy  showed  a  weak  flow  from  the  surface 
to  a  depth  of  400  m. 

(7)  The  mean  (low  pattern  in  the  study  area  was  shown  at  Fig.  8.u  The  strong  poleward 
flow  vclocitv  (15  cm'sl  from  the  surface  to  a  depth  of  70  m  decreased  gradually  with 
increase  of  depth  to  a  vclocitv  of  approximately  5  cm/s  at  a  depth  ol  Jon  in  I  he  mean 
offshore  flow  velocity  of  5  cm  s  in  the  upper  layer  decreased  to  1  cm  s  ,u  ,i  depth  of  250 
m. 
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3).  Sections  of  Onshore  and  Alongshore  Currents 

f  igure  9  shows  the  coordinate  system  and  the  primary  cruise  track  along  which  most 
shipboard  current  measurements  were  made  during  the  second  pass  over  the  study  area 
from  4-6  September.  1989  during  SCBF.-II.  The  coordinate  origin  is  at  1?  -I"’  \.  118° 
26'  W,  and  the  Y-axis  has  been  rotated  to  31 3",  i.c.  from  a  north  to  a  northwest  direc¬ 
tion.  The  study  area  is  located  in  the  minus  X  direction.  Primarx  lines  were  separated 
approximately  7-8  km  from  0  km  to  54  km  from  southeast  to  northwest 

Figure  1 0  shows  the  section  of  onshore  and  alongshore  currents  from  the  *  I  km  to  the 
zero  km  line. 

(1)  The  figure  indicates  strong  poleward  current  on  the  surface  at  an  offshore  distance 
approximately  5-10  km  with  weak  flow  offshore  20-30  km.  Fquatorwnn!  current  in¬ 
creased  farther  offshore  beginning  at  a  distance  of  35  km.  Fach  primarx  line  from  north 
to  south  displays  strong  mean  current  flow  of  approximately  20  cm  s,  located  offshore 
10  km.  from  the  surface  to  400  m  depth. 

(2)  Onshore  currents  arc  variable.  The  15  km  line  in  Fig.  10. f  shows  a  stronu  onshore 
current  of  15-30  curs.  The  31  km  and  23  km  line  also  show  a  somewhat  stume  onshore 
current,  but  the  54  km  and  39  km  line  show  offshore  flow. 

(3)  A  jet  appeared  in  l  ie  lo.c  to  10. h  with  a  speed  of  around  35-4*  cm  s  I  he  core  of 
the  jet  appears  to  accelerate  and  move  onshore  from  South  to  North. 

(4)  Cyclonic  eddy  structure  can  be  found  from  a  transition  /one  on  the  3 1  km  primary 
line  (figure  10. d).  The  .39  km  line  (figure  lo.c)  contains  opposing  alongshore  (lows  and 
the  31  km  line  onshore  current.  The  39  km  line  has  offshore  flow. 
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4).  Sections  of  Standard  Deviation  of  Onshore  and  Alongshore  C  urrents 

The  standard  deviation  of  fluctuations  arc  a  measure  of  the  variability  of  the  current 
velocity.  Fluctuations  in  I  and  V  about  their  mean  values  (Fig.  1 1  a  ■  I  ig  I  l.h)  arc  at 
least  as  large  as  the  mean  velocity.  Far  from  shore,  the  fluctuations  in  I  and  V  are 
weaker.  As  the  coast  is  approchcd  the  fluctuation  in  V  arc  stronger. 
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V.  THERMAL  STRUCTURE 


Tempo rat urc  data  were  collected  using  XBT  probes  during  the  SOM  II  (4  6  September 
1989).  74  XBTs  were  launched:  about  60  XBTs  were  dropped  in  the  studs  area. 

Data  reveals  the  thermal  structure:  I)  The  thickness  of  the  upper  mixed  laser  was  very 
shallow  (  <■  10m)  and  varied  slightly  during  the  SCBF  II  second  pass,  and  2)  the  tem¬ 
perature  was  between  6°  ('  and  10°  C  in  the  upper  400  m. 

1) .  Section  of  temperature  at  the  primary  onshore  and  offshore  line 

Vertical  temperature  cross-sections  from  the  54  km  primary  line  to  the  0  km  line  arc 
shown  on  fig.  I2.a-I2.h.  From  these  plots,  the  temperature  stratification  oxer  the  study 
area  is  distinct  from  surface  to  50  m  depth.  The  8°  C  contour  varied  from  200m-500m 
depth  on  each  primary  line. 

2) .  Isotherm  depth  in  the  study  area 

Figure  13.a-15.c  arc  the  depths  of  the  8",  9°.  10"  ('  isotherms.  In  figure  I  Vn.  the  depth 
of  the  8"  ("  isotherm  showed  a  strong  olTshore  temperature  gradient,  in  to  km  to  the 
west  of  SCI.  The  9"  and  |0"  isotherms  also  showed  an  offshore  temperature  gradient; 
the  gradient  became  larger  when  closer  to  SO. 

3) .  Temperature  profiles 

f  igures  14. 1-14.28  show  temperature  profiles  from  station  15-42  on  St  Ml  II  during  the 
first  pass  over  the  study  area. 
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In  Fig  15.1-15.74.  temperature  profiles  arc  shown  from  station  47-74  on  St  111  II  dur¬ 
ing  the  second  pass  over  the  study  area.  By  comparing  XBT  drops  between  the  first  and 
second  passes,  6  pairs  of  XBT  stations  were  found  at  almost  the  same  place  (stations 
18-70,  25-62,  72-72.  77-57.  70-65.  41-48.) 

Fig.  16  shows  the  comparison  of  temperature  profiles  at  three  stations  ft7.S7_  79-65, 
41-48)  located  in  the  mean  (low  area.  The  vertical  profiles  of  temperature  varied  only 
(<  1°  C)  for  passes  10-24  hours  apart.  In  the  eddy  area  (stations  18-70  and  25-62), 
mixed  layer  temperatures  dropped  0.5°  ('  in  the  24-48  hours  between  passes  I  here  was 
little  temperature  change  below  the  mixed  layer  in  the  eddy  regime. 

Mean  temperature  profile  in  figure  17  shows  a  very  shallow  mixed  layer  (less  then  10 
m).  The  thcrmocline  extends  from  15  m  to  50  m  depth  and  the  temperature  across  the 
thcrmoclinc  is  about  9°  ('.  Below  the  thcrmocline  temperature  decreases  slowly  with 
depth.  The  lapse  rate  in  the  layer  below  the  thcrmoclinc  is  around  OR"  (  1 00  m. 
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VI.  CONCLUSIONS 


Data  from  this  report  show  I)  the  topographic  effects  on  the  coastal  currents  near  San 
Clemente  Island.  2)  I  hc  the  transition  7onc  of  the  Southern  California  Current  system. 

(1)  Two  different  flow  patterns  were  observed.  Strong  alongshore  poleward  (northwest) 
currents  were  (centered  at  40-60  km  west  SC!)  and  small-scale  eddies  (farther  than  60 
km  west  of  SCI). 

(2)  The  alongshore  poleward  currents  intensify  in  the  poleward  direction.  This 
intensification  can  reach  300  m  depth. 

(3)  Two  small-scale  cyclonic  eddies  were  observed  during  the  second  cruise  I  hey  were 
located  at  (1  \9°  5'  W.32°  55'  N)  and  (1 18°  53'  W.  32°  47'  N).  Ihc  length  scale  of  these 
two  eddies  is  approximately  10  km  . 

(4)  I  hc  appearance  of  the  eddies  bcwccn  the  northwestward  coastal  current  and  the 
California  Current  offshore  is  believed  to  be  due  to  the  horizontal  shear. 

(5)  The  XBT  data  show  that  the  mixed  layer  depth  was  verv  shallow  (  ■  10  n>)  during  the 
second  cruise. 

(6)  The  8°  C  isotherm  thickness  indicates  a  strong  baroclinic  zone  (i.e.  a  strong  across- 
coastal  temperature  gradient),  which  is  nearly  parallel  to  and  10-30  km  west  of  SCI. 

(7)  I  hc  coincidence  of  the  strong  alongshore  poleward  currents  with  the  baroclinic  zone 
and  the  disappearance  of  these  two  systems  35  km  farther  from  the  SCI  suggests  a  large 
impact  of  the  topography  in  the  San  Clemente  Island  regime  on  the  oceanic  <  orients  and 
thermal  structure 
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igiirc  I.  Cruise  track  followed  during  occupation  of  the  study  area  off 
San  Clemente  Island  during  the  first  curisc  SCRE-I,  17-21  July,  I9K<>. 
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r-jjiuic  Xh.  Vertical  profiles  of  currents  (n,v)  at  MX  in  figure  7. 
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Figure  8m.  Vcrtic;il  profiles  of  currents  (u,v)  at  F/1  in  figure  7 
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rifjmc  Xn.  Vertical  pinnies  of  aments  (u.v)  a  I  P5  in  r.R.irc  7.  Figure  R<)  Vcr(ic;||  pmn,cs  „f  cllrrcn(s  (u>v)  a,  p/,  jn  fiRMre  7. 
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l.-ipurc  SP.  Vertical  profiles  of  currents  („.v)  at  PI  in  figure  7.  Figure  Xq.  Vertical  profiles  of  currents  (u,v)  at  I >2  in  figure 
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Figure  9.  Coordinate  system  and  primary  cruise  lines  along  which 
most  shipboard  current  measurements  were  made. 
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FiRurc  12c.  Vcrtic.il  crorr.. section  of  temperature  .it  the  19  km  line  in  figure  9.  Fipurc  I2d  Vertical  ern^- section  of  (cmpcriturc  at  the  If  k 
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rc  14.16  Vertical  profile  or  temperature  measured  by  X  BT  at  station 
No.  ?()  in  figure  3. 
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Figure  16.  Six  comp.'irisons  of  temperature  profiles  between  first  run 
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Figure  17.  Mean  tempera  lure  profile  at  study  area  gi'en  in  figme  ' 
and  figure  f. 
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